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OPTIMUM MIX OF CONSERVATION AND S0LAR ENERGY IN BUILDING UESIGN*®

J. Douglas Balcomb
Los Alamos Scientific Laboratory
Los Alamns, New Mexico 87545

ARSTRACT

A methodology s developed for uptimally
allocating resources hetween conservation
and splar strategles in hullaing design.
Formulas are preseated for a constralned
optimum in which the inltial {nvestment is
1imited. The procedure is amrnable . hand
analysis 14 tables are avallable which give
the Snlar Savingr Fractlon as a function of
the Load Collector Ratio for the locallty.
A numeriril example 1« alven,

1, TRONLC TION

A methodnloay for developing the optimum
snlar enerany system cize qiven a fixed

byl ldina 1oad coMPclent was developed hy
Duffle and Beckman® and in published
work by Balcomb” ardd has be n used
rxtennively Ir solar cost optimization
procedures.  This results In a global
optimum only {f the desicner was correct In
chovsing the |nitlal ermray nonservatlion
lovel, The foarmalism wan qltrndnl In wark
by fGirandrmaehl g bBeckman -,

A sdlanifirant improvement was mide by
tarley", He drveloped a procedure for
IncatInn the gluhal optimam consi=tirg e
firat {dent{fying the ontimm solar heat {nn
fruction and assoriated lond collertnt
ratin and then optimizing the load wibject
to this rond{tlon,  This procedure provides
anovdl danion uldanee §F the byl lder 15 oot
eonatratneg to a total Inftiar fnyeetmet
of leen than the eptimim level gt qlves m
Intient{on of the opt Imom mix where the
Inftial expendgWure fo comtraloed,

Tmplefegl stindfon by Palmiter ang Nell"
and Sav” shewed the superlority of o
vlaereet strateay over another ondng
sprec e mmertenl exomples ot by oot
dovelop o general m dnlogy for
determlndmg an op? mix.

Sk perTurmed o the surpices of the 1LY

Applieat fone,

A common problem with previous stuales 1s
that they regulre knowledge ot both ruture
fuel costs and the financlal scenario which
determines the present worth ot a stream ot
future expenditures In order to locate an
optimum, Many Oesigners are reluctant to
use the procedures because of their
skepticism regarding such forecasts.

In prior studles no scaling law for energy
conse1vation cost was employed and insteau
a few polnt calculatlons were used. The
advantage of a simple scaling law !s tiat
it allows Investigatlon of the entire
three-gimensional cost surface nroviairg
incight into the tradeotfs heing mace,

COST CWUATIUNS

Encrgy Conservation

et loss from a bulldlng 1s normally
characterized as the sum ot several heat
tlows each acting In parallel. For an
opsirpe element, the "cost per K" {s
trequently used as follows:

conty - LIREAY - (g W)

where ry Is the lncremental cost per R
per ng 1L, Ry 1y the R-valde, Ap 1w the
atea of the element, ana =) Is the cost
ot the element extrapolated to gy U,

The tul lding 1o coctticient, 1. i the
arei times the hvalue,

or Ly - 0y 'Hl L)
where the Ja factor {s to convert Tom o
per st basts tooa per day bands, The
cont of the element con then be pt in o
more generalfzeag form as tollows:

ronty by Uy Y
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where: by = 2ar(A; ? (4)

In most cases it Is necessary to choose
from among several different cholces such
as wall thickness options. Thus the cost
equation is nct a continuum as Indi~ated in
Ean. 3 hut actually a serivs of discreet
points which might 1ie along a line
Indicated hy Eon. 3. for windows a <imilar
scaling law might apply where the chnice is
the rumher of glazings to be used or the
possibility of applylng insulation or. the
windows at right. The values of nj .md

C{ cen be obtained by plotting a curve of
costy versus 1/Ly and ~hooslng the best
slope and intercept. The same scaling law
is used for perimeter Insulation and

LT

Infiltration represents a major part of the
building load coefficlent and little
Informat ‘on is avallable on the cost of
reducing the infiltratlon load. It is a
logical comelusion, however, that the co<t
will behave according to the same type of
Inverse scaling law as Egn. 3 with only
discreet choleces being avallable,

The total cost and the total load ls the
sum of the parts. It ran be shown tha*
m!nimumn tetal cost varies inverselv with
the total load as follows:

cost - h/L - ¢ ("
whpre:
l. = ;li v,
cost - ".':os'.tj (7
w \?
h=(, hll (8)
f‘(. bl ("‘ (u)

and: 1y = LR Y oat the (1M
cost, - \hm N - l‘l: opt {mim (1
Fnp the opamqa rlements:
Ry - 2A07t) /L, nt the optimm (10
Lxample
Suppone diserert cholees of ronaervat lon
rlemente for g 140 s U hogse are te be

madr £ -om the following posslbllities:

P loment _ e 1] L{stuzt0) (§)
RIS EIEER R -
walls / 19 [ 18
Anbh 11- t ] nh ]

0 1 Vit mno
te I3 PR | )
el ling 2 P ITATS 1%

U ' W ) am
4 n uy 1197

1 U=1.64 2557 =304
windowa 2 1=1.08 1696 ]
65 ft 3 U= .82 1279 295
4 U= .65 1020 599
1 0 3300 0
perimeter 2 5 1650 329
165 rt 3 10 1100 659
4 15 8z, Yy
le 1 960 o
doors 2 7.4 130 51
40 fr2 3 12.4 77 91
4 17.4 55 132
1 0.2 ACH 943 2667
infiltration 2 0.4 ACh 1827 1000
12000 ft 3 0.7 ACH 3302 286
4 1.0 ACH 4717 (¢]

*reference case

From these the following characteristics
cJn be determined.

Element Ay Gy ry by y

walls 865 215 .0211 379000 6lo
Roof 1500 349 ,0l45 784000 885
windows 65 902 15.1 1530000 1237
Pecimeter 330 10830U0 loajd
Doors 40 8 .200 7700 88
Infiltration 666 3lgqou0 1773
Sum 7570 Loy,

therefore: b = 56422 = 31832000, Cg = 2470

There are 46 = 4096 comhinatlons possible
t1om the array of origlnal chuices. 1he
total rost and total loau of each ot ttese
possibie combinatlions is plotted on Fuy. 1.
The curve corresponding to kgn. 5 Is alin
plotted on this curve, Une can see tha
the curve does represent Lhe lower bound ot
cholces, as claim.J,

Cost or solar Collection Area

In the mormal fashion It Is assumed that
the add=on cast of solar collectlon area
varles lnearly with the ares, as follows:

cost of solar = a1 A e (G, ()

where (O 15 o Hxed cost (usually employed
for ' lve solar systems) amd A Ly Uwe solar
colleet lon area,

The solan cost constanty, aamd L, vily
wliely with the solar system type i

eftect ivetens, dhe fn]{nwlm virluen will e
s i i e e s

TS Y DN



These might represent typlcal costs which
would be experierced for a passive system
installation consisting of a Tromhe wall
which uses R9 Irzulation at night.

SOLAR SYSTEm PERFORMANCE

The solar performance curve must be
Jetermined for the local climate. This can
he done usfng the F-Chart method for an
active system or the LASL Soiar/Load Ratio
metho? fcr a passive system cr through a
detailea simulation analysis. Iu zny case,
the results should be expressed as solar
savings fraction F, versus the
lnad‘cnllectnr ratio, LCR,

LCR
F

LA (Btu "\D-sq ft)
function of LCR

CUNSTRAINFD OPTIMIZATION

The annual auxiliary energy requiredg by thre
building {s alven by the following eyuation:

Annunl Aux, = L(1-F)(degree days) (1)

For a constralned optimization situatlon
the annual auxiliary energy !s to be
minimized subject tn a limit on the {nitial
coct qlven hy the fallowing:

Inftial rost = al +« h/L + Cq - C¢ as)

Thas it 1s necmssary to alnimize tin
pradurt, L(1-F), suhjert tn a fixed {0 tlal
cast, This can he solved hy Lagranai.m
mitiplier technlques or oher methoa. to
produce the fallowing solution:

o= B LOR/ (A R) (1e)

An = Lp/LIK (n
where: R - 1 « LOR(L-F)/0D (18)
D: o /d(1/1L0R) (r»

Thoee praat lons define the locus of polate,
which represent an npt fmum mix hetween
eonertya! lan and salar strategies,

txamplp

Eable T UHats valies of By 00R, D, and R
for ke Uity tiieen from Referenee 7 which
Huts wiech values for 219 e{ties fer dlree?
anin, Trombe wall, and water wall pasinlve
wolar confiqurat lons with and wlchogt B9
anlaht ralation,  Corresponding opt Lasm
mix valies of 1| oand A are a0 shom (o
Lable T detetmineg from Coese e and 1)
using the eost conatants, oot 5 from the
proviois eaamples,  Ihe total it al cont
Is then ealealnted from fogn, 1% am’ the
Tt column 1= the sieragy savinge., mpated
toa convent fonml hoee g whiech the congt
of covaervit ton and the st of sola are

Now suppose that one had approximately
$4000 to speng on solar anu conservation
strategles. what would be the optimum
design? 'ooking in Table I, entries are
found corresponding to a solar cavings
fraction of 60% wnich leads to an initial
cost of $3943. Corresponaing values of L
and A are 7420 Btu/Ui. ana 285 rq tt,
respectively. The savings 1s 7/% compared
to the refereirce houst.

In order to obtaln L = 7470 Egns. 10 or 12
can be employed and then the closest case
can be located from among the aiscreet
chalces possible. Thi: leads to the
following table:

Element Lopt. Closest case (s)
walls 81C 2o0r 3
celling 1164 2or 3
windows 1627 Z
perimeter 1372 /Jor}
doors 115 ‘or 3
inf1iltratinn 2331 2

Sum 7420

This process has narrowed ti.e number of
cholres rrom 4C76 to la. Eaih ot the lo is
optimal. The bullger couly pick any
comhination knowing that It is a gooa mix.
The chulce may well be Lased on preterence
or some cunslaeration nther than

economlc,.

Flgure 2 show~ energy savings as a tunctlon
uf the rost ot passlve solar and the cost
of censervation, The curved llines on the
grach show vy savings, compateg tu the
reterence mn-sular house which requl-es ob
million Ltu/yr tor twating, The dashey
Hne shows 1 Inltla]l expense ot $640UD ot
conser. atlon and suiar combiined.

A optimum allocation (ylelding o maximum
enerqy savings) lies at he polnt where the
dotted line 1y tangent to one ot the enerygy
suvingy curves.  he macimum eneryy saving,
thilt can be achicvea with o 4000
Investment 1 274 corresgomting to $lah
spent on conuevatlon ang £21'% wpent on
solar,  Tho. point hays been locatea usiing
the procedure oot Hined earller sithout the
neves ity of pletting the entire suttace,

MCKNCHLLTEM N

the author i« qratetel tor avice qaiven by
Detwrf e Bt by andd seott Nodl o oarteag this
Mty



TABLE 1

OPTIMUM MIX PAIRL FOR DOLGE CITY EXAMPLE

F LCR D R L A
% (Btu/DD sq f4) - Btu/bD sq ft
10 215 12.7 10.8 9219 43
20 100 17.8 5.49 8824 R8
30 63 16.0 3.7 8471 134
40 45 14.6 2.85 8220 183
50 34 12.7 2.3 7886 232
60 26 10.2 2.02 7420 285
70 2 7.2 1.83 6832 342
80 15 a.4 1.68 6177 412
0 10 1.8 1.56 5244 524
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— ——— Costs —
Cons S0l
) 3
980 320
1140 650
1290 1000
1500 1360
1570 1720
1820 21720
2190 2540
2680 3070
3600 3900

Init.
L]

12
1790
2290
2760
3290
3940
4730
5750
7500

Energy
Savings

%

2%
45
54

-
“~

69
77
84
90
96
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CXAMPLE FOR DODGE CITY, KANSAS
COST OF PRsSIVE SOLAR

$5000

Ct TIMUM MIX

S% INERGY

SAVINGS

E

o) $2000 £4000 16000
COST OF ENELRGY CONSLERVATION
Y . bt boman Al bt Ve ene i st e Rt el

e D flayeen agataal o exypentliture .



